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Cell-based therapy in thin endometrium syndrome
Natalya I. Tapil'skaya, Kseniya V. Ob’edkova, Alexander M. Gzgzyan, Olesya N. Bespalova

Ott Research institute of obstetrics, gynecology and reproductology, Saint Petersburg, Russia

Of the known causes of uterine factor infertility, Asherman’s syndrome or the so-called intrauterine synechia, chronic en-
dometritis and endometrial hypoplastic processes are most often distinguished. Thin endometrial syndrome is characterized by
a decrease in the thickness of the endometrium to 7 mm or less in the proliferative phase of the menstrual cycle and a multiple
decrease in the frequency of embryo implantation.

Numerous treatment strategies have so far been proposed for treating refractory thin endometrium syndrome. Recently,
cell therapy has been proposed as an ideal alternative for endometrium regeneration, including the employment of stem cells,
platelet-rich plasma, and growth factors as therapeutic agents. Single center, prospective, open-label study of efficacy of
cell-based therapy in the complex treatment of thin endometrium syndrome in patients with infertility was conducted. The
study involved 36 women aged 28 to 36 years, the middle age was 34.2 + 1.1 years. All patients included in the study received
3 cycles of intrauterine administration of a suspension of autologous stem cells isolated from bone marrow. Bone marrow
was successfully aspirated from the iliac crest in all patients. Mononuclear cells was isolated by density gradient centrifuga-
tion according to the standard method. The cell material was cryopreservated and thawed immediately before administration.
The procedure for intrauterine transplantation of isolated but not cultured cells was performed on the 57t day of the men-
strual cycle. There were no significant adverse events related to harvest or administration. The thickness of the endometrium
before and after treatment was 2.39 + 0.64 and 6.56 + 0.94 mm (¢ = —21.94, p = 0.0001), respectively. The rate of patients with
an endometrial thickness of more than 7 mm after treatment was 77.8%. The effectiveness of assisted reproductive technology
in patients with normal endometrial (n = 28) was 32.1%. Immunochistochemistry confirms the presence of chronic endometritis
before and after treatment in 22 (61.1%) and 19 (52.8%) patients, respectively, while after treatment a significant decrease
in the levels inflammatory markers was found.
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KnetouHas Téepanua CUHAPOMa TOHKOro aHaoMeTpus

H.W. Tanunbckas, K.B. 06beakoBa, A.M. I3r3aH, 0.H. becnanosa

HayyHo-uccnenoBaTenbCKUin MHCTUTYT aKyLLepcTBa, MHekonoruy 1 penpogyktonorum uMenn [1.0. Otta, CaHkT-Ietepbypr, Poccus

3 n3BecTHbIX NpuumMH MaTo4Horo dakTopa becnnoamns Hanbonee HacTo BbIAENAT CMHAPOM AlLlepMaHa UM Tak HasblBa-
€Mble BHYTPUMATOYHbIE CUHEXWUM, XPOHUYECKUI 3HAOMETPUT M TMNONJACcTUYeCKWe npoLecchl 3HAoMeTpus. CUHAPOM TOHKOrO
3HO0METPUS XapaKTepU3YeTCH CHIKEHNEM ero TOJLLMHBI 10 7 MM U MeHee B NposndepaTMBHY0 Ga3y MEHCTPYanbHOro LMK-
Na W KPaTHbIM CHUKEHWEM YacTOTbl MMMIaHTaLMK 3MOPUOHa.

lpoBeaeHo NPOCNEKTMBHOE OTKPLITOE UCCiefoBaHKe Mo oLeHKe 3O(EKTUBHOCTM NMPUMEHEHMS KIETOYHOW Tepanuu y na-
LMEHTOK ¢ becnnoaumeMm, 00ycnoBneHHbIM CUHLPOMOM TOHKOT0 3HAOMETPUS, U ABYMA U bonee HeyaauHbIMU MOMbITKaMK 3KC-
TpaKopnopasnbHoro onyoAoTBOpeHus. B nccneaoBaHue BrtoYeHbl 36 MaumeHToK B BospacTe oT 28 ao 36 net (cpefHui Bos-
pacT 34,2 + 1,1 ropa). Bce naumeHTKM nofyunny 3 uMKa BHYTPMMATO4HOMO BBEAEHWUS CYCMEH3UM BbIAENEHHBIX ayTONOMUYHbIX
MYNbTUNOTEHTHBIX Me3eHXMMabHbIX CTPOMaJIbHbIX KNETOK. [Ins BblAeNeHUst CTBOSIOBLIX KIETOK BbIMOJHANN 3a00p KpacHOro
KOCTHOro mMo3ra B 06beMe He MeHee 20 MN M3 rpebHA NOAB3AO0LLHON KOCTU. BbigeneHne dpakuum MOHOHYKIIEApPHbIX KIETOK
NPOBOAMNM B FPaiMEHTe NAOTHOCTM NO CTaHAAPTHOWM MeToauKe. KNeTouHbIn MaTepuan xpaHuncsa B KpuoBuanax U pasmopa-
YKMBaNCA HeNnocpeaCTBEHHO Nepes BeefeHWeM. [poLieaypa TpaHCNNAHTaLMM BbILENEHHBIX, HO He KYNIbTUBMPOBAHHbIX KIETOK
MpoBoAMNach Ha 5—7-¥ fieHb MEHCTPYanbHOr0 LKA,

TonwwmHa 3HaOMeTpUA A0 M nocne neyenus coctasuna 2,39 + 0,64 u 6,56 + 0,94 mm (p=0,0001) cooTBeTCTBEHHO.
YenbHbIM BeC NaLMEHTOK C TOLLMHON 3HA0MeTpUS Bonee 7 MM nocne NeveHust coctaBun 77,8 %. PesynbTaTMBHOCTb BCMo-
MOraTesibHbIX PenpoayKTMBHbIX TEXHOMOTMI Y NaUMEHTOK C BOCCTaHOB/IEHHBLIM KNIETOYHOW Tepanuei 3HAoMeTpueM (n = 28)
coctasuna 32,1 %. IMMyHOTMCTOXUMUYECKME LaHHbIE 3@ HaIMUME XPOHUYECKOTO 3HAOMETPUTA A0 U MOCHE JIeYEHUS UMEN
mecto y 22 (61,1 %) u 19 (52,8 %) naumeHTOK COOTBETCTBEHHO, NPU 3TOM NOCSIE JIEYEHUS YCTAHOBJIEHO 3HAYMMOE CHUKEHUE
KOJIMYecTBa NpOBOCNAUTENbHBLIX MapKepOB.

KnioueBble cnosa: becnnoaue; BcnoMoratenbHble PENPOAYyKTUBHbIE TEXHONOrUK; KNETOYHAaA Tepanus; pereHepatuBHaa Meou-
LMHa; CUHAPOM TOHKOro 3HAOMETPKUA; CTBOJI0BbIE KJTIETKN KOCTHOIO MO3ra; XpOHVI‘-lECKVIVI 3HO0METPUT.
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BACKGROUND

The number of the population, structure, and repro-
ductive potential are the most important factors that
determine the economic development of the country.
Currently, the Russian Federation is on the edge of a
“demographic abyss,” with enormous material and hu-
man resources spent on overcoming infertility in infertile
marriages [1]. One of the most difficult issues of repro-
ductive medicine, except for male infertility, remains the
uterine factor of female infertility, which primarily in-
cludes thin endometrium syndrome [2]. Despite the low
prevalence of this syndrome, the reduction of endome-
trial thickness to <7 mm reduces the frequency of embryo
implantation by half and in some cases makes pregnan-
cy virtually impossible, leaving only the surrogate op-
tion as a fetal receptacle [3]. Except for estrogens, no
drugs affect endometrial proliferation [4]. Recombinant
vascular endothelial factor, proangiogenic gene thera-
py, and cell therapy remain the time-tested treatment
options [5].

This study aimed to investigate the efficacy of invasive
intrauterine injections of uncultured autologous mesen-
chymal stem cells on endometrial growth in patients with
thin endometrium syndrome and repeated implantation
failures through in vitro fertilization (IVF) protocols.

MATERIALS AND METHODS

Characteristics of the study sample

The study enrolled 36 patients aged 28-36 (mean
age, 34.2 £ 1.1) years with thin endometrium syndrome
and two or more failed IVF attempts. For cell therapy,
high-quality cryopreserved embryos must be available
before the embryo transfer protocol. Before the study, all
patients were diagnosed with thin endometrial syndrome
by triple M-echo measurement, and all of them had a hy-
poplastic endometrium confirmed by histological exami-
nation of an endometrial biopsy. Estrogen replacement
therapy was given at least 6 months, and the condition
was not responsive to complex therapy, which included
physiotherapeutic treatment and estrogen therapy.

Bone marrow harvesting, isolation, storage, and
transplantation of stem cells

After the informed consent form was signed, all
women included in the protocol under local anesthesia
underwent red bone marrow sampling of at least 20 mL
from the iliac crest regardless of the day of the menstrual
cycle, following all standard aseptic and antiseptic rules.
The mononuclear cell fraction was isolated in a density
gradient according to the standard technique. Seeding,
expansion, cryopreservation, and reinitiation of cell cul-
ture were performed according to standard operating
procedures and protocols for manipulating human cells.
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For reinitiation of culture, multipotent mesenchymal
stromal cells (MMSCs) in cryovials were thawed in an
aqueous medium to 37°C. The cells were resuspended in
the indicated temperature regimen and placed in a CO,
incubator. When 80% confluence was reached, cells were
harvested. The obtained cells were washed three times
with physiological solution by centrifugation and removal
of the MMSC supernatant at a concentration of 5 mL/mL
and packed into 1.0 mL vials under aseptic conditions.
At all stages, there was sampling for quality control of
isolated cells. Vials with hMSCs were transported in ship-
ping containers for subsequent administration to patients.
The MSC culture was administered to them intrauterine
[6, 7]. Isolated but not cultured cells were transferred on
days 5-7 of the menstrual cycle. A catheter with a 1 mL
suspension containing approximately 5 million hMSCs
was inserted through a guide into the uterine cavity un-
der echographic navigation. Each patient received three
injections of the cell suspension, and ultrasound exami-
nation of the pelvic organs was conducted twice during
the menstrual cycle, i.e., on days 9-10 and 19-21 of each
cycle, to determine the condition of the endometrium.

Endometrial sampling and immunohistochemical
study

In one or two menstrual cycles before the start of
therapy and on days 19-22 of the 4th menstrual cycle
from the start of therapy, endometrial pipelle biopsy was
performed with subsequent histological examination and
immunohistochemical analysis to determine the expres-
sion levels of estrogen receptor (ER) and progesterone
receptor (PR) and chronic inflammatory markers. If mor-
phological and echographic endometrial parameters
acceptable for endometrial preparation in the unfrozen
embryo transfer protocol are obtained, the patient is in-
cluded in the endometrial preparation protocol for unfro-
zen embryo transfer into the uterine cavity.

Histological examination was performed according to
the classical method using an Olympus CX31 microscope
(Japan) at x100 and x400 magnifications. Hematoxylin
and eosin were used for review staining. Immunohisto-
chemical study was performed according to the stan-
dard scheme using antibodies to the ER, PR, CD4, CD8+,
CD20+, and CD138+. The results of immunohistochemical
reaction were evaluated according to the McCarthy et al.
(Hscore) 3-point scale or the specific number of cells (%)
expressing the desired antigen. The severity of chronic
endometritis was determined according to the generally
accepted criteria (Table 1) [7].

Ethical rules and regulations

The study was conducted in full compliance with the
ethical principles of scientific and medical research in-
volving human subjects of the Declaration of Helsinki
developed by the World Medical Association, current
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Table 1. Immunchistochemical criteria of chronic endometritis severity
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Detectable antigen CD8+ CD20+ CD138+ CD4+
Name of the cell .
subpopulation Cytotoxic T-lymphocytes B-lymphocytes Plasma cells T-helpers
Evaluated criterion Number of cells in the field of view
Norma Upto 10 Upto3 0 Upto 10
Weakly pronounced Increase by a factor of >2 Single cells

Moderately pronounced Increase by a factor of >3

Increase by 2-3 times

Associated with the

or more
number of CD8+
Increased by a factor Increase by a factor of Increased by a factor
Expressed
of =5 4-5 or more of =5
Table 2. Indicators of chronic endometritis before and after cell therapy
Indicator Before treatment n (%) After treatment n (%) | X | p
Specific weight of chronic 22 (61.1) 19 (52.8) 0227 0435
endometritis
Changes in the intensity of B .
inflammation despite treatment 12 (54.5%) 2100 <0.001
Degree of severity of chronic endometritis
Expressed 11 (50.0) 2(10.5) 5.627 0.018
Moderately pronounced 7(31.8) 10 (52.6) 1.063 0.303
Weakly pronounced 4(18.1) 7 (36.8) 0.983 0.322

Note. * of the primary number of patients with CE (n = 22).

procedures and standards of medical care, and other
applicable regulatory requirements for conducting clini-
cal trials and observational programs in the Russian Fe-
deration. The patient observation protocol, treatment, and
examination programs were approved by the local ethics
committee. Given the absence of the culturing stage of
the MMSCs, the study was not subject to the Federal Law
of the Russian Federation of June 23, 2016, No. 180-FZ
“On Biomedical Cellular Products.”

Methods of descriptive statistics used

In the statistical analysis, quantitative features cor-
responding to the normal distribution were described as
mean and standard deviation. Features deviating from the
normal distribution were presented as median (indicating
confidence interval limits), and qualitative features were
presented as fractions (%) of absolute numbers. The dis-
tribution of the attributes in the groups was determined
by the Harker—Bera test. Comparison of quantitative vari-
able (endometrial thickness before and after treatment)
in the groups was performed depending on the normality
of distribution, i.e., Student’s t-test for a normal distribu-
tion and Mann-Whitney U-test for a non-normal distribu-
tion. Frequency correlation for splitting the signs in the
groups was conducted using the x? (chi-square) criterion
by K. Pearson. In all cases, the critical level of signifi-
cance was set at p < 0.05.
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RESULTS

All patients included in the study received three cycles
of intracellular injection of a suspension of isolated hMSCs.
The mean endometrial M-echo indices before and after
MMSC injection were 2.39 + 0.64 and 6.56 + 0.94 mm,
respectively (Student’s t-test: t =-21.94, p =0.0001).
The proportion of patients with an endometrial thickness
of =7 mm was 77.8%, and they subsequently underwent
a modified natural cycle of unfrozen embryo transfer. In
these 28 patients who underwent assisted reproductive
technologies, 32.1% (n = 9) achieved clinical pregnancy;
however, only 21.6% (n = 6) had a pregnancy of 12 weeks
duration.

No statistically significant differences were found
when comparing the expressions of PR and ER in the
glandular and stromal components of the endometrium
before and after treatment. Immunohistochemical evi-
dence of chronic endometritis before and after treat-
ment was found in 22 (61.1%) and 19 (52.8%) patients,
respectively, while the remaining 19 patients showed a
diagnostically significant (fivefold) decrease in the num-
ber of proinflammatory markers, i.e., cytotoxic T-lym-
phocytes (CD8+), after treatment, B-lymphocytes (CD20+)
and plasma cells in the stromal endometrial component
in nine cases (47.4%), and in three cases (15.8%), the
expression of proinflammatory markers decreased by
threefold (Table 2).
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CONCLUSIONS

The application of three injections of isolated but not
cultured autologous MMSCs for the treatment of thin en-
dometrium syndrome resulted in a significant increase
in its thickness and a decrease in the expression of
autoimmune inflammation markers, and it is more ef-
fective than all available means of drug and/or complex
treatment, in which the response to treatment does not
exceed 5%.
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